Introduction
Occult breast cancer (OBC), which manifests as axillary lymph node (LN) metastasis without the evidence of a primary breast tumor on clinical examination or mammography, accounts for 0.3%-1.0% of all breast cancers. [1] [2] [3] Although OBC has been described as having a natural history and biological behavior similar to that of node-positive non-OBC, 4 ,5 the clinicopathological characteristics of OBC, such as the hormone status, the HER2 status, and the LN involvement, are still unclear due to the rarity of this type of cancer. [6] [7] [8] Furthermore, the survival outcomes of patients with OBC are still controversial. The 10-year overall survival (OS) rate varies from 47.5% 4382 ge et al to 67.1%. 7 OBC has been reported to show an outcome that was similar to or more favorable than that of stage II-III, T1N1, or small invasive breast cancers (pT1), 5, 6, [9] [10] [11] but several studies reported an opposite conclusion. 12, 13 OBC, which is extremely uncommon, continues to present a therapeutic challenge. Previous studies suggested that breast-conserving surgery (BCS) with axillary LN dissection (ALND) plus radiotherapy (RT) resulted in a survival outcome similar to that of mastectomy plus ALND. 6, 8 However, the current National Comprehensive Cancer Network (NCCN) guidelines recommend that patients with negative MRI results should be treated with mastectomy plus ALND or ALND plus whole breast irradiation.
14 On the contrary, systemic chemotherapy, endocrine therapy, or trastuzumab is given for stage II or III disease according to the recommendations. 14 However, the limited number of patients included in previous retrospective studies did not give us sufficient information to determine reliable treatment recommendations. [15] [16] [17] Furthermore, updated cohort information is needed to further our understanding of OBC and to guide oncologists in treatment selection.
Utilizing the Surveillance, Epidemiology, and End Results (SEER) database, we sought to obtain the most recent population-based data to 1) study the clinicopathological characteristics and survival outcomes of OBC and 2) evaluate different treatment outcomes in OBC patients.
Patients and methods ethics statement
Our study was approved by the independent ethical committee/institutional review board at Fudan University Shanghai Cancer Center (Shanghai Cancer Center Ethical Committee). The data released by the SEER database are publicly available and deidentified and thus do not require patient informed consent.
Patient selection and data acquisition
We used SEER data released in November 2016, which include data from 18 population-based cancer registries and cover approximately 28% of US cancer patients. The inclusion criteria used to identify eligible patients were as follows: females older than 18 years of age, breast-adjusted American Joint Committee on Cancer (AJCC) sixth edition (1988+) stage T0-3N1-3M0, one or more positive LNs, unilateral breast cancer, breast cancer (ICD-O-3 site code C50) as the first and only cancer diagnosis, either no surgical treatment or surgical treatment with BCS or mastectomy, diagnosis not obtained from a death certificate or autopsy, only one primary site, a known number of examined LNs, and a known time of diagnosis between January 1, 2004, and December 31, 2014. In all, 116,218 patients were included. Of these patients, 479 (stage T0N1-3M0) were diagnosed with OBC and 115,739 (stage T1-3N1-3M0) were diagnosed with non-OBC.
An analysis of the clinicopathological characteristics of OBC and non-OBC included the year of diagnosis, age at diagnosis, race, marital status, laterality, grade, AJCC stage, AJCC N stage, estrogen receptor (ER) status, progesterone receptor (PR) status, HER2 status, breast cancer subtype, breast surgery type, RT, number of examined LNs, and number of positive LNs. We considered the year of diagnosis as a binary variable classified into the following two groups: 2004-2009 and 2010-2014 . The age at diagnosis was also considered a binary variable and was classified into the following two groups: 18-49 years and more than 50 years. For HER2 status, data were available only after 2010 due to limitations in the SEER database. Moreover, the number of examined LNs was classified into the following three groups: 1-3, 4-9, and ≥10, while the number of positive LNs was categorized into the following four groups: 1-3, 4-9, ≥10, and unknown.
Treatment course
Patients who underwent breast surgery (BCS, mastectomy, or no surgery), RT, sentinel LN dissection (SLND) and/or ALND were identified based on the SEER variables. The SEER database did not specify the type of axillary LN surgery performed; therefore, surrogate data were used to categorize patients as having undergone SLND or ALND. Patients in whom one to five LNs were examined were considered to have undergone SLND alone, whereas patients in whom more than five LNs were examined were considered to have undergone ALND. These definitions were based on the AJCC definition of a standard minimum ALND (at least six LNs). 18 The treatment groups of OBC population were defined according to breast surgery, LN status, and RT: 1) the mastectomy group (mastectomy plus ALND, with or without RT); 2) the BCS group (BCS plus both ALND and RT); 3) the ALND-only group; and 4) the SLND-only group.
Outcome measurement
In this study, breast cancer-specific survival (BCSS), which we used as the primary study outcome, was calculated from the date of diagnosis to the date of death from breast cancer. Patients who died from other causes unrelated to their breast cancer diagnosis and those who remained alive were cen- 
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Clinicopathological characteristics and treatment outcomes of OBC sored on the date of death or the date of last contact. OS, the secondary outcome, was measured from the date of diagnosis to the date of death from any cause, and patients who were alive on the date of final follow-up were censored. The cutoff date for the study was predetermined by the submission databases; the SEER November 2016 submission databases contain complete death data through 2014. Therefore, December 31, 2014, was assigned as the cutoff date for the study.
statistical analyses
The clinicopathological characteristics were compared across groups using the chi-squared test or Fisher's exact test. Kaplan-Meier curves were used to calculate the 5-year BCSS and OS rates, and the log-rank test was used to determine differences between curves. Univariable and multivariable Cox proportional hazards regression models were applied to identify factors associated with survival; the HR and 95% CI were reported. To account for large sample size, we selected the variables with P<0.001 (Table 1) or P<0.05 (Table 2) which were significantly associated with the BCSS or OS in the univariable analysis. To account for differences in the baseline characteristics across the two breast cancer subtype groups, we matched each OBC patient to one non-OBC patient according to the following predetermined factors: age, year of diagnosis, race, grade, AJCC N stage, ER status, PR status, type of breast surgery, and use of RT. Since 1:1 matching is the most common implementation of propensity score matching and the statistical power does not decrease, 19 we used psmatch2 to perform a "one-to-one match" with the caliper width set as 0.05 in Stata statistical software for propensity score matching. Furthermore, patients in a matched pair have the same value of the propensity score. The stratified Cox model was conducted within matched pairs. Survival curves were estimated by the Kaplan-Meier method, and a stratified log-rank test was used to compare survival curves after propensity score matching. All statistical analyses were performed using Stata statistical software, version 13.0 (StataCorp LP, College Station, TX, USA). A two-tailed P<0.05 was considered statistically significant.
Results

Clinicopathological characteristics of OBC patients
The clinicopathological characteristics of all 116,218 selected patients are summarized in RT, however, was performed with similar frequency in both groups. These data indicated that the baseline characteristics of OBC are distinct from those of non-OBC.
Comparison of survival between OBC and non-OBC patients
After the baseline characteristics were summarized, we further evaluated BCSS and OS in these two groups using the Kaplan-Meier survival curves ( Figure S1 ). The 5-year BCSS rate of the OBC group was 88.02% (95% CI 84.06-91.04%), and the 5-year OS rate of the OBC group was 85.51% (95% CI 81.27-88.85%), which were similar to the rates observed in the non-OBC group. We used the Cox proportional hazards model to investigate the effect of baseline characteristics on survival outcomes. A univariable analysis revealed that the year of diagnosis, age, race, marital status, tumor grade, ER status, PR status, HER2 status, breast surgery type, RT status, and the number of positive LNs were significantly associated with the BCSS and OS (P<0.001). However, the difference between the OBC group and the non-OBC group was not statistically significant (Table S1 ). Furthermore, we included all variables mentioned earlier in the multivariable analysis (Table 1) . However, after adjustment for potential confounders, OBC was identified as an independent protective factor for both BCSS (HR =0.37, 95% CI 0.27-0.50, P<0.001) and OS (HR =0.41, 95% CI 0.31-0.52, P<0.001).
survival analysis in matched groups
To further evaluate the detected differences between OBC and non-OBC groups, we performed a 1:1 (OBC:non-OBC) matched case-control analysis using the propensity score matching method. We defined a group of 794 patients, where 397 patients were included in each group (Table S2) . For the matched groups, we found no statistically significant difference in the baseline characteristics between the OBC patients and the non-OBC patients. As expected, the OBC patients demonstrated a better prognosis in terms of both BCSS and OS (Figure 1 ; P<0.001 and P<0.001, respectively), which was consistent with the stratified Cox models 
Clinical outcomes of OBC in different treatment groups
Since local treatment options for OBC are a subject of intense interest, we further evaluated the relationship between the type of surgery and survival in OBC. We classified the OBC patients into four groups based on different treatment strategies as follows: 153 (38.8%) patients were treated with mastectomy plus ALND, with or without RT; 151 (38.3%) patients were treated with BCS plus both ALND and RT; 54 (13.7%) patients received ALND only; and 36 patients (9.1%) underwent SLND only. The clinicopathological characteristics of these four treatment groups are summarized in Table S4 .
Kaplan-Meier survival curves were used to evaluate the clinical outcomes in these four treatment groups (Figure 2 ). Significant differences were observed in BCSS (P=0.023) and OS (P<0.001) between the treatment groups. Since survival was also affected by ER status, PR status, and the number of positive LNs (Table S5) , we performed a multivariable analysis to adjust for these variables (Table 2) . After the adjustment, the SLND-only group significantly demonstrated a including borderline and unknown. Abbreviations: ALND, axillary LN dissection; BCS, breast-conserving surgery; BCSS, breast cancer-specific survival; ER, estrogen receptor; LNs, lymph nodes; n, the number of deaths; OBC, occult breast cancer; Os, overall survival; PR, progesterone receptor; slnD, sentinel ln dissection.
the worst BCSS (P<0.001) and OS (P<0.001). No differences were detected in the survival rates among the mastectomy group, the BCS group and the ALND-only group in either BCSS or OS (Table S6) .
Discussion
In this retrospective study, we investigated the clinicopathological characteristics and treatment outcomes of OBC based on a large population from the SEER database. Compared with non-OBC patients, OBC patients presented with distinct baseline characteristics and different BCSS and OS rates. After adjustment for baseline characteristics, OBC patients demonstrated a significant survival advantage over non-OBC patients. Further analyses that evaluated the treatment strategies of the OBC patients revealed that the mastectomy group, the BCS group, and the ALND-only group had comparable outcomes.
Our analysis took advantage of the SEER database to investigate the clinicopathological characteristics of the OBC cohort based on a large population size. Compared with non-OBC, this special type of breast cancer was associated with older age, a more advanced stage, a higher proportion of negative hormone receptor expression, a higher proportion of HER2-positive status, a greater likelihood of having ≥10 positive LNs, and a lower likelihood of surgical treatment; some of these associations were concordant with the 
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Clinicopathological characteristics and treatment outcomes of OBC findings of previous studies. 5, 10, 11, 20 The higher proportion of negative ER and PR status in OBC than in non-OBC might be explained by the discordance in this status between the primary tumor and LN metastases. 21, 22 Due to the absence of clinically, radiologically, or pathologically identifiable breast tumors, the receptor status in OBC patients was detected from the metastatic LNs. Discordance was reported to result from the following three main factors: false-positive and false-negative results in the assessment of receptor expression, the heterogeneity of receptor expression in the same tumor, and evolutionary modifications in the biology of the cancer. [23] [24] [25] These baseline characteristics reveal that we cannot regard this rare disease in the same manner as palpable breast cancers.
Our study demonstrated that OBC patients showed higher survival rates than non-OBC patients. Furthermore, the 1:1 matching study confirmed this result. Collectively, these survival advantages suggest that OBC has a relatively benign biological behavior even though it initially presents as axillary LN metastasis, a concept that runs counter to our understanding of locally metastatic breast cancer. 26, 27 Pentheroudakis et al 5 reported that OBC grew more indolent than overt breast cancer, which is an observation that adds evidence to our conclusion.
Treatment strategies for OBC have varied over the years, and to date, no definite consensus has been reached. Mastectomy with ALND, a regimen that was first described by Halsted, 28 has traditionally been believed to provide the most effective local treatment for OBC patients. The advantage of mastectomy for OBC treatment is that it can confirm the diagnosis of OBC after a detailed pathological examination, 29 despite that no primary tumor was found in 30%-60% of patients. 1, [30] [31] [32] In recent years, published studies have demonstrated that mastectomy did not improve survival outcomes compared with BCS in OBC patients and that BCS plus ALND with RT is an acceptable alternative. 8, 29, [33] [34] [35] [36] [37] Consistent with these studies, we observed similar BCSS and OS outcomes in the BCS group and in the mastectomy group. He et al 8 also observed similar locoregional recurrence-free survival (LRFS) and recurrence/ metastasis-free survival (RFS) outcomes between these two treatment groups in a retrospective study that assessed patients from 1998 to 2010. Our study provides additional evidence that BCS plus both ALND and RT instead of mastectomy with or without RT might be a favorable management strategy for OBC patients. However, in this study, the ALND-only group exhibited BCSS and OS rates similar to those of the BCS group and the mastectomy group, a result that was different from the majority of the published literature. 7, 20, 34, 35, 38, 39 Only one study, conducted in Korea, supported our finding, with the explanation that the ALND-only group in their study population had a high prevalence of stage N3 disease. 6 In our study, potential explanations for this observation are that the ALND-only group included a limited number of patients (n=54) and had a higher proportion of patients with 1-3 positive LNs (57.41%, P=0.003). In addition, defining ALND by different criteria may affect the survival outcomes. Other SEER database analyses categorized more than three examined LNs as having undergone ALND; 7, 40 this definition was inconsistent with our definition of ALND as the examination of more than five LNs. Therefore, further clinical studies are needed to evaluate this controversial conclusion and to confirm that ALND is an effective standalone treatment strategy for OBC patients. Moreover, our analysis found that the SLND-only group had the worst survival rate, which suggests that the extent of LN examination and the type of locoregional therapy are important for OBC patients. 7, 20, 41 The advantage of this study is that it is based on a database that to the best of our knowledge includes the largest patient population in the world. Inevitably, the current study still has several limitations. First, this study was a retrospective cohort study and might have some potential selection biases and Abbreviations: ALND, axillary lymph node dissection; BCS, breast-conserving surgery; BCSS, breast cancer-specific survival; OBC, occult breast cancer; OS, overall survival; slnD, sentinel lymph node dissection. 
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ge et al weaknesses. Second, the incidence of locoregional recurrence is not captured in the SEER data; this omission limits our survival analysis of OBC patients. Third, records of adjuvant systemic therapy such as endocrine therapy, targeted therapy, and chemotherapy are not included in the SEER database. It is widely accepted that systemic therapy is commonly used in patients with node-positive breast cancer. 5, 42 These missing data, therefore, may weaken our conclusion. Large, population-based, multi-institutional analyses should be conducted to further validate these findings.
Conclusion
Our study reveals that OBC has unique clinicopathological characteristics compared with non-OBC. Although OBC patients showed a prognosis similar to that of the overall non-OBC population, their survival was significantly increased after adjustment for confounders. We did not observe a difference in outcomes among the mastectomy group, the BCS group, and the ALND-only group. However, there is insufficient evidence to support ALND alone as an effective treatment strategy. A thorough biological and clinical understanding of OBC might improve the clinical management of and the outcomes of this rare type of breast cancer.
